ABSTRACT Background: Replacement of caloric beverages with noncaloric beverages may be a simple strategy for promoting modest weight reduction; however, the effectiveness of this strategy is not known. Objective: We compared the replacement of caloric beverages with water or diet beverages (DBs) as a method of weight loss over 6 mo in adults and attention controls (ACs). Design: Overweight and obese adults [n = 318; BMI (in kg/m 2 ): 36.3 6 5.9; 84% female; age (mean 6 SD): 42 6 10.7 y; 54% black] substituted noncaloric beverages (water or DBs) for caloric beverages (200 kcal/d) or made dietary changes of their choosing (AC) for 6 mo. Results: In an intent-to-treat analysis, a significant reduction in weight and waist circumference and an improvement in systolic blood pressure were observed from 0 to 6 mo. Mean (6SEM) weight losses at 6 mo were 22.5 6 0.45% in the DB group, 22.03 6 0.40% in the Water group, and 21.76 6 0.35% in the AC group; there were no significant differences between groups. The chance of achieving a 5% weight loss at 6 mo was greater in the DB group than in the AC group (OR: 2.29; 95% CI: 1.05, 5.01; P = 0.04). A significant reduction in fasting glucose at 6 mo (P = 0.019) and improved hydration at 3 (P = 0.0017) and 6 (P = 0.049) mo was observed in the Water group relative to the AC group. In a combined analysis, participants assigned to beverage replacement were 2 times as likely to have achieved a 5% weight loss (OR: 2.07; 95% CI: 1.02, 4.22; P = 0.04) than were the AC participants. Conclusions: Replacement of caloric beverages with noncaloric beverages as a weight-loss strategy resulted in average weight losses of 2% to 2.5%. This strategy could have public health significance and is a simple, straightforward message. This trial was registered at clinicaltrials.gov as NCT01017783.
INTRODUCTION
Increased consumption of SSBs 5 is frequently linked to increasing cardiometabolic problems worldwide (1, 2) . In the United States, the percentage of kilocalories coming from caloric beverages has almost doubled from 1965 to 2002, reaching 21 .0% in 2002 (1) , and the intake of SSBs has been associated with negative health risks, including obesity (2, 3) and the metabolic syndrome (4, 5) . Post hoc analysis of data from the PREMIER trial showed that a decrease of 1 serving per day of SSBs was associated with a 0.49-kg decrease in weight at 6 mo (6) . Whereas many have argued that a simple reduction in consumption of SSBs may have positive effects on weight, others have noted the absence of any randomized trials specifically addressing this topic (3, 4) . The current study was designed to address this gap in the literature.
Replacing specific foods or beverages that provide a substantial portion of daily calories may provide a useful strategy for modest weight reduction or weight-gain prevention (7) . Beverages may be ideal targets (8, 9) ; however, substitution of noncaloric beverages for caloric beverages will be beneficial only if compensation, or consuming the calories from other foods, does not occur. Furthermore, it is not known whether replacing SSBs with water or DBs, both noncaloric alternatives, confer a similar advantage (10) . DB consumption has been associated with some health risks (4, 11, 12) , including the metabolic syndrome and type 2 diabetes. Yet, for the purposes of weight loss, replacing SSBs with DBs might promote greater adherence because of the availability of a variety of flavors and properties (eg, carbonated, caffeinated, and sweetened) similar to the SSBs, which leads to greater adherence. On the other hand, observational evidence suggests that drinking water is associated with weight loss and a reduction in caloric intake (13) (14) (15) (16) . In the laboratory setting, outcomes of consuming a preload amount of water before meal ingestion has led to varying results by age, with no effect on meal consumption among younger adults (17) but less energy consumed by middle-aged and older adults (18, 19) .
Few randomized trials have examined the effects of changing beverage intake alone with a specific purpose to promote modest weight loss in adults (20) (21) (22) (23) (24) . Published studies have examined children (20, 22, 23) , both artificially sweetened foods and beverages (17) , or premeal water consumption (24) . None have examined the replacement of caloric beverages with either water or DBs as a simple calorie-reduction method (25, 26) . This is the first randomized controlled trial to use noncaloric beverage substitution alone as the primary weight-loss strategy in overweight adults and to examine 2 noncaloric alternatives.
The primary hypothesis of the CHOICE clinical trial was that participants assigned to the beverage substitution groups would achieve greater weight loss at 6 mo than would participants in the AC group (DB group . AC and Water group . AC group). Secondary outcomes were to compare the noncaloric beverage groups with the control group on criterion measures of weight loss, waist circumference, BP, glucose, and osmolality as a marker of hydration from 0 to 3 and 0 to 6 mo.
SUBJECTS AND METHODS

Participants
We recruited, enrolled, and followed participants between May 2008 and January 2010 at UNC-Chapel Hill, North Carolina. Eligible participants (n = 318) were overweight and obese [BMI (kg/m 2 ): 25-49.9] adults aged 18-65 y who reported consuming 280 kcal/d of caloric beverages (including SSBs, juice, juice drinks, sweetened coffee and tea, sweetened milk, sports drinks, and alcohol, excluding white milk) and were willing to make a dietary substitution recommended by the study. Participants were screened at baseline with the use of a beverage telephone screener modified to inquire over the past week and expanded on certain beverage categories from the beverage questions on the Block food-frequency questionnaire (27, 28) . This screener assessed beverage intake over the past week to determine the average number of kilocalories derived from caloric beverages per day. Participants were excluded for a recent weight loss of .5%, participation in other weight-loss or physical-activity research, lactation, recent or planned pregnancy, thyroid medication use, diabetes mellitus treated with oral medication or insulin, cancer in the prior 5 y, history of myocardial infarction or heart surgery, current psychiatric treatment, psychiatric hospitalization in past year, alcohol dependence assessed with the Rapid Alcohol Problems Screen (29), plans to move or unable to attend monthly group meetings, and inadequate means to transport "study supplies" (beverages). The Physical Activity Readiness Questionnaire was administered to screen for readiness to safely engage in exercise (30) . Participants reporting heart problems, frequent chest pains, or faintness or dizziness on the Physical Activity Readiness Questionnaire were excluded, and other medical conditions required physician's consent to participate. This study was approved by and was in accordance with the ethical standards of the UNC at Chapel Hill Institutional Review Board. Written informed consent was obtained from all participants.
Study design
This study was a 3-arm, single-center, single-blind randomized clinical trial. Participants were assigned to 1 of 2 intervention groups or to an AC group. Participants were oriented and enrolled by research staff. Participants consented to "making a dietary substitution that would enable them to reduce their caloric intake using food or beverage items commonly available at a grocery store." After the participants' specific substitution group was revealed, the substitution for the other study group was not revealed, and the controls were not informed of either substitution until all cohorts were completed. Eligible participants were randomly assigned as cohorts after baseline measures by using a computer-generated random-numbers method by the project coordinator with allocation concealed from the participants and investigators until randomization was revealed to the study participants at the initial group session. To limit seasonal effects on beverage consumption, the study was conducted in 5 cohorts, with the intervention beginning at different times of the year.
Interventions
Both of the intervention groups received noncaloric beverages [water or noncaloric sweetened ("diet") beverages] and monthly group behavioral counseling to promote adherence to beverage substitution. The recommendations for each of these groups were identical except for the substituted beverage. Participants were encouraged to replace 2 servings (200 kcal) per day of caloric beverages with either water or DBs. On the basis of previous research (20) , four 355-500-mL (12-16 oz) single-serving beverages per person per day were provided to ensure availability, with 2 additional servings per day to account for family members' occasional consumption, although this was discouraged. Participants in the Water group could choose any combination of bottled still and nonsweetened sparkling water. Similarly, participants in the DB group were provided any combination of noncaloric sweetened beverages of their choice, including carbonated, noncarbonated, noncaffeinated, and caffeinated beverages. Both the Water and DB groups were given beverages at their monthly treatment group meeting.
The AC group was designed to equate treatment contact time and attention, monthly weigh-ins, and weekly monitoring to facilitate study of the additional benefit of beverage change. This group, called "Healthy Choices," attended monthly group sessions of identical length to the beverage groups. They were weighed and given general weight-loss information (eg, instructed to read product labels, increase vegetable consumption, control portions, and increase physical activity); they were not given weight-loss calorie-reduction or physical activity goals. They were not encouraged to change beverage intake (beverages were not mentioned during the lessons or group sessions) and were not provided with beverages. All study groups had access to a group-specific study website, where they recorded the beverages (water and DB only) they consumed, reported their weekly weight, received feedback on progress, viewed tips, and linked to group-specific resources.
Measurements
Measurements were taken after a 12-h fast at baseline, 3 mo, and 6 mo. Body weight was measured, while the subjects were wearing a hospital gown and no shoes, with a calibrated digital scale (Tanita BWB 800). Height was measured at baseline by using a wallmounted stadiometer (Perspective Enterprises Inc). Waist circumference was measured at the iliac crest (31) . Resting BP was measured while the subjects were seated by using a GE Dinamap ProCare 100 after a 5-min rest; the average of 2 measurements was used (32) . Fasting blood samples were collected by venipuncture according to a standard protocol. Participants provided urine samples in sterile containers for measurement of urine osmolality. All samples were analyzed at the UNC McLendon Clinical Laboratories.
Dietary intake data were collected and analyzed by using Nutrition Data System for Research software version 2008 (University of Minnesota). Two unannounced 24-h dietary recalls were administered over the telephone (one weekday and one weekend day) at each assessment period (33) by trained interviewers at the Nutrition Epidemiology Core of the UNC Clinical Nutrition Research Center (grant: DK56350). Energy expenditure was measured by using a telephone-administered 7-d physical activity recall (34) conducted after the first 24-h dietary recall.
Statistical analysis
Analysis of primary and secondary outcomes was performed by using SAS version 9.2 (SAS Institute Inc), with a type 1 error rate of 0.05 (2-tailed). For dietary data, in cases where 1 d of dietary recalls was provided, the actual data were used. Main effects of time, treatment group, and treatment-by-time interaction were examined in separate mixed-effect models for each outcome by using the unstructured dependence structure (35) . For continuous variables, the Markov Monte Carlo method was used to impute missing data by generating a total of 10 imputations. Results from the imputations were combined by using PROC MIANALYZE in SAS.
Because the caloric values of the substitutions in the 2 intervention arms were equivalent and would promote equal weight loss under conditions of perfect adherence, we powered this study to compare the AC group with each of the intervention groups separately. We reasoned that adults consuming 280 kcal/d from beverages might realistically reduce consumption from 100 to 280 kcal/d, resulting in a total reduction in calories ranging from 700 to 1960 kcal/wk This range of calorie reductions would theoretically result in weight losses from 0.4 to 1.0 kg every month. Over a 6-mo period, average weight losses from 2.4 to 6 kg could be achieved with these reductions in SSB intake. With 100 participants per arm and a set at 0.05, we had 90% power to detect a difference of 1.8 kg with an SD of 3.4 kg and 25% attrition.
As a secondary comparison, the beverage groups were combined to examine the hypothesis that a reduction in caloric beverage consumption, regardless of the replacement type, would result in a greater likelihood of achieving a 5% weight loss than would the control (AC). For the binary outcome of achieving the 5% weight loss, multiple logistic regression was used, conservatively assuming that participants with missing data did not achieve this goal.
RESULTS
Of the 3435 persons who were assessed for eligibility, 2914 were ineligible and 318 underwent randomization ( Figure 1 ): 105 were allocated to the AC group, 105 to the DB group, and 108 to the Water group. Participants were obese [BMI (kg/ m 2 ): 36.3 6 5.9], 84% female, aged 42 6 10.7 y, and of different ethnicities (54% black, 40% white, and 6% other race). No differences in baseline characteristics between the 3 groups were observed ( Table 1 ; P . 0.05). At 3 mo, 86% (AC group), 92% (Water group), and 91% (DB group) and at 6 mo 84% (AC group), 84% (Water group), and 89% (DB group) attended the in-person measurement visit; retention rates did not differ between groups. Baseline variables-including age, race, marital status, BMI, education level, and employment status-were not significantly associated with retention of participants.
Adherence to intervention and behaviors
The DB and Water groups attended significantly more of the 6 monthly group sessions than did the AC group: the DB group attended 5.4 6 1.3 sessions (P , 0.001), the Water group attended 5.2 6 1.3 sessions (P = 0.001), and the AC group attended 4.4 6 1.8 sessions. A similar pattern of logins to the study website was observed between groups, with a significant difference observed only between the Water and AC groups (P , 0.05): 23.8 6 23.9 logins in the DB group, 26.8 6 37.5 in the Water group, and 16.9 6 10.4 in the AC group over 6 mo.
Participants in both the DB and Water groups had significantly higher reductions in caloric beverages (kcal/d) compared with the AC group at 3 and 6 mo, respectively ( Figure 2 ). In comparison with baseline, water consumption increased significantly in the Water group at 3 mo (1080.11 g/d; 95% CI: 1054.78, 1105.44; P , 0.0001) and at 6 mo (785.21 g/d; 95% CI: 761.89, 808.53; P , 0.0001). These increases were significantly higher than changes in water consumption in the AC group of 151.78 g/d (95% CI: 130.55, 173.00; P , 0.0001) from 0 to 3 mo and of 224.17 g/d (295% CI: 240.28, 28.26; P , 0.0001) from 0 to 6 mo. Water consumption decreased in the DB group from baseline to 3 mo (237.81 g/d; 95% CI: 253.65, 221.97) and was significantly lower than in the Water group at 3 (P , 0.001) and 6 (P , 0.0001) mo. Changes in water consumption in the DB group were significantly lower than changes in the AC group at 3 mo (P = 0.048) but not at 6 mo (change of 252.17 g/d; 95% CI: 267.20, 237.15; P = 0.43). In comparison with baseline, the Water group consumed approximately an additional 1.0 L (;34 oz) of water daily at 3 mo and an additional 0.8 L (;27 oz) of water daily at 6 mo. Participants in the DB group had a significantly higher DB intake than did both the AC and Water groups at both 3 (P , 0.0001) and 6 (P , 0.0001) mo, but DB intake did not differ significantly between the Water and AC groups at either time (P = 0.97 and 0.35, respectively). In comparison with baseline, DB consumption increased in the DB group at 3 and 6 mo, respectively, by 914. Table 2 . There were no between-group differences in energy intake from food. All groups showed statistically significant reductions in food energy intake from 0 to 6 mo (time: P , 0.0001). Participants made little change to intentional physical activity with no time or group · time effects (P . 0.05).
Physiologic measures: weight, waist, BP, glucose, and hydration All groups lost weight at 3 and 6 mo (Table 2 ; all P , 0.01); neither the DB group nor the Water group differed from the AC group at either time point. The mean (6SE) percentage weight loss (Figure 3) was 21.34% 6 0.27 in the AC group, 21.87% 6 0.32 in the DB group, and 21.31% 6 0.27 in the Water group at 3 mo and was 21.76% 6 0.35 in the AC group, 22.54% 6 0.45 in the DB group, and 22.03% 6 0.40 in the Water group at 6 mo. Other physiologic comparisons between the 2 beverage groups and the AC group are shown in Table 2 . Absolute weight, waist circumference, and systolic BP had decreased significantly by 6 mo in all groups, but there were no treatment · time interactions between the Water group and the AC group or between the DB group and the AC group on these outcomes at either 3 or 6 mo. The Water group showed significant improvements in fasting glucose of 23 In a secondary analysis of study completers, results were consistent with the findings of the multiple imputation analysis except with respect to BP. Compared with the AC group, completers in the Water group had a significantly lower systolic BP at 6 mo (P = 0.03) and diastolic BP at both 3 (P = 0.03) and 6 (P = 0.04) mo.
Criterion measures of weight loss
Participants assigned to the DB group had a greater likelihood of achieving a 5% weight loss than did the AC group (OR: 2.29; 95% CI: 1.05, 5.01; P = 0.04), but the OR was not significantly different between the water group and the AC group (OR: 1.87; 95% CI: 0.84, 4.14; P = 0.13). To explore the hypothesis that replacing beverages (regardless of substitution) results in a significant weight loss at 6 mo, a combined analysis of participants in either beverage group was compared with the AC group. Participants assigned to the combined beverage replacement interventions were twice as likely to have achieved a 5% weight loss than were those in the AC group (OR: 2.07; 95% CI: 1.02, 4.22; P = 0.04); 19.5% (n = 42) in the beverage groups combined achieved a 5% loss compared with 10.5% (n = 11) in the AC group.
DISCUSSION
Participants in the beverage interventions significantly reduced their intake of caloric beverages and increased their consumption of the recommended noncaloric beverages in a manner consistent with intervention assignment. The average daily reduction of caloric beverages across both of the beverage groups was approximately the 2-serving/d recommendation that was prescribed (eg, 2235 kcal/d at 3 mo and 2225 kcal/d by 6 mo). The AC group also reduced their caloric beverage consumption by ;1 serving/d (2112 kcal/d at 3 mo, 2106 kcal/d at 6 mo), despite not being informed about the true study purpose or substitutions to that group or about the beverages being used as a weightcontrol strategy in the AC treatment sessions. Thus, we observed a smaller caloric difference between the 2 beverage substitution groups and the control group. All interventions groups showed statistically significant weight losses by 6 mo, but there were no differences between groups.
The DB group reported an absolute reduction in caloric beverage intake of ;70 kcal more per day at both 3 and 6 mo compared with the Water group, although reported reductions in energy (kcal) from food averaged over the 6 mo were very similar between the DB and Water groups. This reflected better adherence to the beverage replacement prescription in the DB group, which resulted in a greater likelihood of achieving a 5% weight loss compared with the AC group at 6 mo. The greater adherence to intake of DBs over time may have been due to the variety of flavors (36) or similar properties to the caloric beverage (eg, caffeinated), which suggests that it may be easier for consumers of caloric beverages to replace their beverages with noncaloric sweetened alternatives. The pattern of weight loss in the Water group suggests a slower weight loss and may reflect that consumers of caloric beverages needed to adjust preferences for consuming nonsweetened beverages over time.
Despite similar or somewhat smaller weight losses, the water replacement groups showed statistically significant reductions in fasting glucose and improvements in hydration compared with the control AC group. The DB group also showed improvements in many of these variables by 6 mo, but the changes were not significantly different from those in the AC group. In the 1 Chi-square analysis showed no between-group differences.
Mean 6 SD (all such values).
3 n = 104 in the AC group, because of 1 missing value for education. 4 Self-reported by the study participants. 5 Calculated as weight (in kg) divided by the square of height (in m).
TABLE 2
Anthropometric, diet, physical activity, and cardiometabolic changes in the AC, DB, and WA groups All values are means; 95% CIs in parentheses.
3
In a completer's analysis using repeated-measures mixed model, there was a significant treatment · time interaction for the comparison between the WA and AC groups (P , 0.05).
completer's analysis, the improvements in systolic and diastolic BP in the Water group were statistically significant from those in the AC group. Reductions in fasting glucose and BP seen in the Water group are similar to the improvements seen in other weight-loss trials at 6 mo (37, 38) . These analyses should be interpreted with caution because the hydration-BP relation has not been well-studied and other mechanisms, other than the benefits of lowering body weight, are not clear (39) . Future analyses will examine potential diet, physical activity, and other mechanisms that might account for these changes.
The design of the current study differs from that of other studies in the literature, ie, previous research in adults focused on changes in beverage intake as part of overall dietary restrictions aimed to induce weight loss rather than on beverage replacement as the primary weight-loss strategy. Despite these differences, this study can be compared with others that examined the effects of beverage consumption during weight loss. In examining our findings on changes in caloric beverages overall, this study showed that a reduction in caloric beverages of ;2 servings resulted in a 2-kg weight loss at 6 mo across the DB and Water groups, which is more than the 0.6-kg weight loss that was associated with a 200-kcal/d reduction in liquid calories in a secondary data analysis of PREMIER. This study did not show as much of an advantage to an increase in water consumption as has been reported previously in the literature (13, 24) . Participants in our study reported an increased consumption of water of 1 L/d at 3 mo and of ;0.80 L/d at 6 mo, yet they lost ;0.25% (or 0.3 kg) more than those in the AC group at 6 mo. Stookey et al (14) reported a 2-kg greater weight loss among water consumers on a hypocaloric diet than among those who consumed less water, although participants in that study were not randomly assigned to consume more water. In the study by Dennis et al (24) , middle-aged adults on a hypocaloric diet were randomly assigned to consume 500 mL (;16 oz) of water 3 times/d, before each meal, or to follow the hypocaloric diet without premeal water consumption. Those randomly assigned to premeal water consumption lost ;1.3% more than did those on the hypocaloric diet alone (P = 0.13). Future studies could examine whether the amount (eg, 1 compared with 1.5 L), the timing (premeal compared with not), or the other factors explain these differences. Notably, these prior studies included 8-29% nonwhite participants, whereas CHOICE included 60% nonwhite participants.
The results of this trial are encouraging despite the modest weight loss achieved. In more intensive clinic-based behavioral lifestyle modification programs (40-42), 5-10% weight losses have been observed at 6 mo. This is not surprising because such programs typically include greater caloric restriction (500-1000 kcal/d), goals for caloric expenditure, more intensive diet and activity monitoring, and frequent patient-provider contact. This intervention required minimal self-monitoring (only beverages) and included monthly treatment visits with recommendations to change one aspect of dietary behavior and produced a 2-2.5% weight loss. The importance of caloric beverages as a target for calorie reduction is noteworthy because they are typically consumed at least daily, whereas food intake types may vary. This approach is more consistent with others recommending small but FIGURE 2. Means (95% CIs) estimated by using an intention-to-treat analysis with multiple imputation of DB intake (A; n = 105) and WA intake (B; n = 108) during the 6-mo study. A repeated-measures mixed model was used to examine time, group, and treatment · time interaction at each time point. A: time 0-3 and 0-6 mo, P , 0.001; treatment · time at 3 and 6 mo, P , 0.001. B: time 0-3 and 0-6 mo, P , 0.001; treatment · time at 3 and 6 mo, P , 0.001. AC: n = 105. AC, attention control; DB, diet beverage; WA, water. FIGURE 3. Means (95% CIs) estimated by using an intention-to-treat analysis with multiple imputation. A repeated-measures mixed model was used to examine time, group, and treatment · time interaction at each time point. A significant effect of time was observed for the DB (n = 105), WA (n = 108), and AC (n = 105) groups at 0-3 mo (P , 0.001) and 0-6 mo (P , 0.001). There were no significant treatment · time interactions between the WA and AC groups or between the DB and AC groups at any time. AC, attention control; DB, diet beverage; WA, water.
potentially sustainable lifestyle changes that can be made to improve health (43) (44) (45) .
The strengths of this study were that it is the first randomized trial in adults to examine a simple strategy for calorie reduction and weight control, with participants masked to the study purpose, including .50% racial and ethnic minorities, strong retention rates, 24-h dietary recalls, provision of beverages, an AC group, and objective weight and physiologic outcome measures. Importantly, the AC group was not a "no treatment control group"; this group was taught general weight-control strategies, reported weight and general behavior (not kcal) weekly, and attended 60-min monthly treatment meetings equating for contact time and other variables known to affect weight loss among motivated individuals. Limitations of the study included the potential for being underpowered, self-report measures of diet and physical activity, underrepresentation of men, a relatively short duration (6 mo) to allow benefit of a small caloric change such as beverage substitution to accrue, and lack of long-term follow-up.
On a population level, replacement of caloric beverages with noncaloric alternatives could be an important public health message. This strategy also has implications for health care settings because assessing SSB intake is feasible, and the prescriptive recommendation to replace caloric beverages with noncaloric alternatives is simple and straightforward. Replacing SSB with either DBs or water, based on the consumers' preference and ability to adhere, appears warranted at this stage of research on the basis of these findings. Future research should examine long-term health effects of consuming either beverage as a replacement for caloric beverages before specific recommendations can be made.
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